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The importance of an enhanced problem 
representation 

On the role of elaborations in physics problem solving 

Elwin R. Savelsbergh* 

Eindhoven University of Technology 
& 

University ofTwente 

Ton de Jong 

University ofTwente 

Monica G.M. Ferguson-Hessler 

Eindhoven University of Technology 

In physics problem solving, recognising a problem’s ‘physics structure’ is an 
important step towards selecting a proper solution method. If the problem conforms 
to a prototypical problem closely enough, the problem solver may recognise the 
corresponding physics structure from superficial characteristics of the problem 
statement. This bottom up route of activation demands no deep processing. If the 
problem statement does not trigger the appropriate structure in such a way, some 
constructive activity will be required to come to a physics structure of the problem 
situation. The present study identifies reasoning mechanisms that achieve this 
transformation. We propose that ‘elaboration’ is an important mechanism in 
fulfilling this function. Elaborations are reasoning steps that add inferences to the 
present problem representation. Proficient problem solvers make particular 
inferences fluently when confronted with the proper information. Thus, they 
connect previously unconnected pieces of information. Contrastingly, weak problem 
solvers fail to make proper elaborations automatically, though they have declarative 
knowledge of the underlying relations. We experimentally tested the effect of 
providing beginners with elaborations they failed to infer. Our main interest was 
whether or not a ‘given’ elaboration would support deep processing, and thus the 
establishment of a problem’s physics representation. We used a card-sorting 
experiment in which we had two versions of physics problem descriptions to be 
sorted; an elaborated and a ‘minimum’ description. The results for proficient and 
weak students were compared. We found that the elaborations we gave, supported 
integrative reasoning in proficient students only. Our findings provide us with 
evidence that reasoning processes in weak students may be qualitatively different 
from reasoning processes in proficient students, and that the major problem to weak 
problem solvers is not that they do not know problem types but rather that they fail 
to elaborate on a given situation properly. 

1. Introduction 

It is a well known finding that novices, when prompted to categorise a set of problem 
descriptions, do not sort the problems according to solution principles. Instead they sort 
the cards according to rather superficial similarities between the problem descriptions 
(Chi, Feltovich, & Glaser, 1981). This finding has been interpreted to imply that the 
novices have not structured their knowledge in problem schemas. A problem schema is 



* Paper to be presented at the 7 th European Conference on Learning and Instruction, August 26-30, 1997, 
Athens, Greece. Correspondence should be addressed to the first author. Postal address: Eindhoven 
University of Technology, Faculty of Technology Management, PO Box 513, 5600 MB Eindhoven, The 
Netherlands. Email: E.R.Savelsbergh@tm.tue.nl 
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supposed to be a LTM structure centred on a solution method, that also comprises 
generalised problem situation representations. These generic problem representations 
would then act as activation patterns for the schema, thus providing a link from a 
concrete situation to the appropriate solution method. The schema construct is not 
operationally well defined however. As a consequence the interpretation of the 
empirical results in terms of schemas leaves room for different readings: either the 
novices don’t have their knowledge structured with respect to solution methods at all, or 
alternatively, they do know some solution methods and generic problem types, but their 
problem is rather that they cannot map the specific problem at hand to one of the generic 
problem types they know. This could be caused either by the student’s conception of the 
generic problem type being too specific to be easily matched, or by the student’s 
inability to elaborate on a given problem description to render it to a richer physics 
representation that would activate the schema. It is our objective to discriminate 
between the above mechanisms and to judge their relative importance. 

There are several studies, both empirical and theoretical, that provide us with evidence 
that the way the problem is represented mentally, influences the problem solving ability 
(Elio & Scharf, 1990; Larkin, 1983; Ploetzner, 1995). In a previous study (Savelsbergh, 
De Jong, & Ferguson-Hessler, 1996) we have identified characteristics of problem 
representations that differ between problem solvers of different competence levels. In 
that study we made a comparison between different kinds of experts, and good and weak 
novices who had to construct and describe problem situations. Among the major results 
from that study were the greater coherence and consistence of problem descriptions by 
experts, compared to those by novices, and of problem descriptions by good novices 
compared to those by weak novices. Coherence, in this context, means that the relations 
between elements in the situation description are not just implied, but are made explicit. 
Consistency refers to the absence of contradictions in the description. A related outcome 
of the previous study was the difference in the use of elaborations: good novices, in 
contrast to weak novices, elaborated on an initial situation description they gave. The 
use of elaborations was even more prominent among experts. An important role for the 
elaborations in the problem descriptions that we have analysed, was to express the 
relation between the concrete situation at hand and the abstract underlying physics 
structure of the problem. In order to clarify in what ways coherence, consistency, and 
elaboratedness of the problem representation may influence the problem-solving 
process, we will propose a model for the different elements of the problem-solving 
process in the following section. 

The current study focuses on the differences between good and weak novices'. From an 
education point of view, the differences between good and weak novices are particularly 
interesting, because they may give an insight in what makes some students less 
successful than others, and that in turn may contribute to improving education. From an 
experimental psychology point of view the difference between good and weak novices is 
interesting because both groups received about the same amount of training, and studied 
the same information, so that differences between the two groups could be attributed to 
differences in their ways of processing and structuring the information. 

1.1 The problem solving process 

In this section we discuss the psychological process of solving a physics problem. Our 
focus will be on ‘true’ problems, i.e. problems that are not trivial from the viewpoint of 
the problem solver. This type of problem cannot be solved on the basis of direct recall of 



1 In different studies several meanings have been given to the word novice. In this study novice will refer to 
first year physics students who have been exposed to the relevant concepts in the domain, and who have 
prepared themselves to take the final test for the subject recently. 
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specific explicit features encountered in previous problem solving experiences, but 
rather it is necessary to recognise the underlying physics-structure of the situation. 
Though, even in these cases, the final goal is well-defined in physics problems, problem 
solving in physics shares some characteristics with problem solving in ill-defined 
domains such as design (Goel & Pirolli, 1992), that are not prominent in traditional 
fields of problem solving research like arithmetic, logic reasoning, and puzzles. In early 
work within the information processing paradigm, these problem types were at the focus 
of research. In this early research two major processes were distinguished in problem 
solving: understanding and search. Understanding was considered the less interesting of 
these two and consequently most attention went to search processes (VanLehn, 1989; cf. 
Newell & Simon, 1972). For problems like the ones we use, the process of 
understanding the problem is less trivial, and moreover the distinction between 
understanding and search will be less clear cut than with well-defined, knowledge lean, 
problems. 

Among the features that distinguish physics problem solving from ‘simple’ problem 
solving, the most remarkable may be the amount of ‘restructuring’ that the problem 
requires (since there are many ways of restating and enhancing the information from the 
original problem description in ways that make more or less sense from a physics point 
of view). As a consequence the problem space becomes an intricate structure where a 
route that leads to a dead end, and thus forces the problem solver to go back, still may 
result in a modified representation of the problem (Greeno & Berger, 1987; Goel & 
Pirolli, 1992). A second -related- feature similar between many ill-defined problems and 
physics problems is the lack of a parameter that would indicate how close one is to a 
solution. Such a parameter would be a prerequisite to a fruitful application of weak 
general problem solving strategies such as hill-climbing 2 . 

The process of restructuring the problem implies that, between reading the words of the 
problem description and finding a solution to the problem, the words and propositions 
from initial problem representation become connected somehow, with the addition of 
knowledge from LTM, to form a more or less structured mental representation of the 
problem. A structured representation implies a rich (i.e. redundant) mental encoding of 
the situation. Such a rich encoding provides more cues to select the proper solution 
representation, and, moreover, is more robust (i.e. less vulnerable to inconsistencies). 
We will refer to these added assertions by the name of elaborations. Following 
VanLehn (1989, p.539), we define elaborations as follows: ‘An elaboration is an 
assertion that is added to the state without removing any of the old assertions or 
decreasing their potential relevance VanLehn further comments that for problem types 
where elaboration plays an important role, the distinction between understanding and 
search becomes blurred. The process of elaboration on the initial problem representation 
is also known by the name of ‘deep processing’: Craik and Lockhart (1972), for 
instance, in their classical paper on ‘levels of processing’, argue that: 




2 The accepted definition of a well-defined problem takes into account whether the initial state, the final 
state, and the operators are well-defined (Bunge, 1967 p.137; Landa, 1969 (cited in Mettes and Pilot, 1980, 
p.46); Simon, 1973; VanLehn, 1989). To the psychology of problem solving these parameters might not be 
the most important ones however. Chess problems are well-defined according to this definition, but still, 
because of the large number of moves in between the initial and the final state, and because of the large 
number of operators (moves) that can be applied, knowing the desired final state and all legal moves is of 
little help. There may be more psychological importance to whether the sub-goals are well-defined; in chess 
-and in physics- generally they are not. 
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[The] conception of a series or hierarchy of processing stages is often 
referred to as “depth of processing" where greater “depth" implies a 
greater degree of semantic or cognitive analysis. After the stimulus has 
been recognised, it may undergo further processing by enrichment or 
elaboration. For example, after a word is recognised it may trigger 
associations, images or stories on the basis of the subjects past 
experience with the word. Such “ elaboration coding" [...] is not 
restricted to verbal material. (Craik & Lockhart, 1972, p. 675) 

Following Craik and Lockhart we will use the term ‘depth’ to refer to the amount of 
processing rather than to an inherent property of the problem representation itself. When 
we refer to the ‘physics relevance’ of the problem representation (which is, in the given 
context of physics, an inherent property of the problem representation itself), we prefer 
to distinguish between naive and physics representations (following Larkin, 1983), 
rather than the more confusing ‘surface’ versus ‘deep’ structure as proposed by Chi et 
al. (1981). That the two dimensions are orthogonal is illustrated by the following: on the 
one hand, in the case of a kid on a merry-go-round, the observation that the centripetal 
force is equal to the friction force is just as deep (in the Craik and Lockhart sense) as the 
observation that the kid will become dizzy. The goal, and the prescribed context of 
physics theory make one observation a naive observation and the other a physics one. 
On the other hand, in a problem where one is asked to compute the centripetal force for 
a point mass orbiting at a given radius from the origin and with given angular velocity, 
there is nothing deep about the physics structure of the problem. 

If the problem description is textual 3 , the initial mental encoding will closely follow the 
structure of the text. In the course of restructuring the problem representation, the 
mental representation will take a structure that becomes less dependent on the textual 
description and that will be more dominated by the structure of the situation being 
described. This process has been recognised in model of language comprehension too, 
Kintsch for instance in his construction integration model proposes the following phases 
in the initial comprehension process: 

a) forming the concepts and propositions directly corresponding to 
linguistic input; b) elaborating each of these elements by selecting a 
small number of its most closely associated neighbours from the 
general knowledge net; c) inferring certain additional propositions; 
and d) assigning connection strengths to all pairs of elements that have 
been created. (Kintsch, 1988, p. 1 66) 

Though the importance of elaborations in problem solving is clearest for complex 
semantically rich problems like physics problems, elaborations may play an important 
role in other domains also. Logical reasoning, for instance, is a domain where much 
emphasis has been on situation-model based reasoning. There is some evidence 
however, that, also in this domain where the understanding of the problem has been 
taken for granted traditionally, restructuring the problem and elaborating on the original 
problem statement may play an important role in solving the problem. Polk and Newell 
(1995) presented a reanalysis of reasoning protocols obtained with categorical 
syllogisms that were presented verbally. They propose that the reasoning process in 
these cases could be equally well be explained in terms of verbal reasoning, i.e. repeated 
verbal reencoding, instead of manipulation of a situation model. They suggest that 
mental models do play a role in problems that demand the use of external knowledge 
and in problems that are presented in a visual format, but that in verbally presented 



3 If the initial problem description is in a pictorial format, things are a bit more complicated for pictures can 
be recognised as a whole 
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problems that require no external knowledge, verbal reencoding of the problem may 
suffice. 

We have argued that the mental representation of a problem, that initially consists of a 
sparse constellation of isolated propositions, evolves into a much richer structure. In 
many studies it has been proposed that this evolution is controlled by a separate 
cognitive process, that requires a specific kind of control knowledge (such as 
metacognition, strategic knowledge etc.). There are many practical and conceptual 
problems involved in models that employ such a general control mechanism (Baddeley, 
1986, Dennett & Kinsboume, 1992), moreover several studies have shown that content 
knowledge itself can organise the reasoning process (Anderson, 1983, Rumelhart, 
McClelland, & the PDP research group, 1986). Since in this study our interest is after 
the role specific kinds of domain knowledge play in reasoning, we will choose the 
second approach stressing the associative structures in LTM that give rise to a self- 
evolving mental model. 

Next to reasoning about the problem situation, another aspect of problem solving is 
reasoning about the solution method. Both the situation and the solution method can be 
represented in the mind simultaneously. We call these structures the situation 
representation and the solution representation, respectively. Both the representation of 
the situation and the representation of the solution method may become active structures 
that guide further reasoning. The situation representation supports mental simulation, 
whereas the remembered solution method is a guide to formal problem solving. We 
assume that there is a close connection between the two in proficient problem solvers 
who have their knowledge organised in problem schemas that involve both generalised 
situation models and solution approaches. 

The process that we have described here is mainly data-driven initially. In the course of 
reasoning about the problem there is a shift towards schema-driven reasoning. This shift 
may either occur gradually, or as a moment of ‘insight’ that comes in an all or nothing 
fashion, comparable to the recognition of a Gestalt 4 . In the physics problem solving 
context, the Gestalt would represent a meaningful type of problem. As soon as a 
‘schema-structure’ is matched sufficiently well, the instantiated schema may direct 
further reasoning. This transition is a critical event in the problem solving process. 5 




4 A notable difference between the types of problems that were used in the traditional Gestalt psychology 
(like Duncker’s (1945) radiation problem, or Maier’s (1931) two string problem), and the physics problems 
that we used, is that in the traditional Gestalt problems, there is a very direct relation between elaborations 
and problem solving actions: elaborations always related to ‘how to use the properties of an object’ — like 
for instance the scissors that can be used as a mass to make a pendulum swing. In physics problem solving in 
contrast, understanding the situation is a goal in itself and it can be useful to enhance the mental model of 
the situation even without directly finding a formal solution method. 

5 With the development of expertise, the problem schema structure will become increasingly powerful. As a 
consequence the schema will be matched more easily and more rapidly, so that less data driven reasoning 
will be required for common problems. This transition is quite comparable to the knowledge encapsulation 
process that has been observed in physicians (Boshuizen and Schmidt, 1992) 
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